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If 2t t d = m t 1, then such a code can correct up to t errors, and detect up

to t i- d erroro,[l]. Here we have studied the problem of determining the func-

tion F(m,N ,k,s),~~~e number of such codes. Given a design D , a subset of its

treatments and blocks may form another design called a subdesign of D. Pro-

perties of some classes of designs with subdesigns have been studied. An

exposition of the early history of multivariate analysis up to l9~ O has been

given . Consider a search linear model: E(y) = Ap + Bq, V(y)  = aI, where

y(N x 1) is a vector of observations , A(N x a) and B(N x b) are known matrices ,

o is a known or unknown non-negative constant , p(a x 1) is a vector of unknown

parameters , and q(b x 1) is a vector of parameters about which partial infor-

mation is available. It is known that there exis’~~an integer k (known or

unknown) such that at most k elements of q are non-zero (with their values

unknown), the rest being negligible. The problem is to search the non-zero

elements of q and make inferences on these and on the elements of p. In this

report , we summarize the contents of a Ph.D. thesis in which studies are made

on certain methods of search , and the probability of correct search under such

methods. Studies on the application of search models to Factor Screening

Designs , Diagnosis of Patients , and Industrial Psychology are briefly sum-

marized , and so are certain studies on Optimal Factorial Designs and Missing

fl. it~~ Techniques.

U~ classi fied
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SECTION I
Work Rela ted to Professor Bose

(a) Enumeration of (N + 1, k + 1) Linear Codes of Minimum Weight .~~~ m i-

A k-flat in Pd (N,o ) is said to be of minimum weight > w  if every

point of the k-flat has at least w non-zero coordinates .

Then to each k-flat in PG (N,s) with minimum weight > m  ± 2 there

corresponds a linear (N + 1, k + 1) code with weight m ‘t- 2. Let F(~~,k ,o)

denote the number of k-flats of the above type . This function then

enumerates these codes. In particular a necessary and sufficient condition

for the existence of at least one (N ‘t-l, k + 1) linear code of minimum

weight m + 2 is that F (N,k ,s) > 0. The enumeration of this functior.

is therefore an important problem . A complete solution of this problem

would also supply an answer to the packing prob lem which , besides be ing of

importance for coding theory , has applications in factorial designs aod

information retrieval Iii].

Work on this problem was started in collaboration wi th Gene Berg [2] ~~~

has been continued in collaboration with Linda Rollins and is still con-

tinuing . The results obtained so far are summarized below :

For 0 < 1< N , let X. denote the point in PG(N ,S) whose vector

consists of all zeroes except for a 1 in the (i + 1) - th coordinate.

The fundamental simplex ~ is defined as the simp lex formed by the points

X0, X , ... , X~ . The i-flat spanned by any i + 1 of the vertices ‘~ , :~: , ...,

is called an i-cell of 1~~. Then F (N,k,s) is the number of 1 0- t i .  i t . . W:I.i C Ii
m

intersect no m-cell of t~.

Let H = {X
0
, X1

, . . .  , xN}. An n-partition of H is a t.irni lv

A = (A
1, A 2 , ... A }  of subsets A . of H such that I A J  > n , U .  H ,

and every n element subset of H is contained in a uni que m.’ml -‘i o± A .

1
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. A . ”ile’-:ai’tir j a i l  is an ,2 ldInIu - v partition . If A and 8 are n—partitions of

I-I we siv that A < ~ if and only ll A . fl B .  > n A . V B . . With  tlii:

ordering the cet  012 all n — p a r t i t i on s  of H ii a lattice we denote by L .  11.

articular L 0 is the lattice of ~‘artitions of H ordered by refinement.

The h ewing  re’:ults have been ob ta ined :

, : e , ’rtiSI L .  If 1 is a h-flat in PG(N ,s) which intersects no m-cell

:2 A , then  t h o r e  e xL t s  an (m + 1)-partition A = (A
1, A~.,, . . .  , A )  of

I-i cu -h tha t  f intersects A in every (m + 1)—cell of A in A. (i 1 ,a)
- 1

10 00 other rn—cel l  O f  A .

F’ .s~- A = {,; , A } cL we define M ( A )  = the number of K f la t
1 2 a m

P..i(N ,c) which intersect no (m — 1)-cell of A but do intersect every

r n - c o i l  ‘c A in A .  {i = 1, 2 , ... , a} and perhaps other rn-cells of A

S1Oii ,IOIV ~( A )  number of K f l a t s  in PG(N,s) which intersect no (m - 1) - ccii

,
~ A Put  do intersect every rn-cell in A in A . {i 1,2,. . .  ,a} ciii in I C  .“ t l I I  o

r n — c e  Lb C i  I

h eope m . ~~ ( N , 10 , s ) = N (~~) = ~ ~‘~~~ ) ~~~~~~ w her e ~
‘ i. t h e

m

ill . ’ I 1:1 . ’ cc I L ( in  t l i c  cense of Pct .t ‘S tIlecr\’ cf Sue I i i  i~ cd

- . . . .  . Ni- i
11. ; .1:. . t 1011 ) . I I I J  • i .  t :,  m — I ’ . t rt it lon  ot  II cons l . t  :,p of ~ll 5

o: H .
k ÷ 1

( I i , k, s) ~ (_ 1 )
1 

( N -
~ l ) ~ (N - 1 , 10 - .i , s) ,  where

1 = 1

( P . n , a )  :1: 1 2 1 5  .e~ ‘ d u l l  t l i , ’ number  0 1 r n — l I l t :  in i ’d (N ,s ) .

F t i e oren o . If we ..~t. ~ 2 ( 1 2
~. 

I )  }‘
o

( 12
~ 

— 1, — I -. :, s ) ,  w h I .” I ’ .’ a

a . t I I X ’ ’ 1 l’ 011’ ’ 1 , 5 5 1’ , t h en 1 1 - ’ lillict 211 1
0 

Id ’S the I ’ , ’ C U i ’ l’ c ’Oc e t ’ . ’I , ; t

- 1, D - 1) ~ (s
t) 

- 1) 1
0

( 2  - i , M.

~~~~~~~~ Let  P I x )  o (~~, 1o )  t h en

P _ i
I ,  (.‘.i) (x — 1) ( x ~ ~ I x l .

it ‘5
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‘Fi~eu reoi  t’ . Let

f ( M , a)  = 
N !  

___________________

V
1 

‘5,) ., V V : v~~~ . . .
P ( M ,a)  1 1 . a

wilere the summation is over all par t i t ions  of M into ‘a ’ parts; then

l ( N , c)  obeys t h e  recurrence relation

f ( M ,a ) = ( N  — 1) f ( N  — 1, a)  ± f ( M  — 1, a — 1).

Theorem 7.

F
1 

(N - 1, N - 1 - D , s) =
a~ O 

[_ ~~
M+a 

(S_l)
M-a f ( M ,a)  

~~
-

~~~~~
‘ (~~

~ (a-i—i , D—l , s)

Theorem 8. If we set 0
1

(M ,D) = F
1 

(N - 1, N - 1 - D , s), th en th .’

function 2
1

(M ,D ) obeys the  recurrence relation

0) = C
1

( M - 1, D - 1) + ~(s D - 1) - (M - 1) (s - 1)] G1
( M  - 1, L).

Theorem 9. If G~ (x )  ~ G1 
( 10 ,0) x

0 
, then

(x )  [x  
- (M -1) (s -1) ~~1] 

G~~~ ( x )  ± ~~~~ ( sx ) .

These theorems give the basic properties of the funct ion F (N , k , s)

for the cases m 0 and 1, and allow us to enumerate it for any value of

the parameters N , k , S by using a very simple computer program .

A pape r embody ing these results is being prepared. Work on the case

m = 2 has been started and some prel iminary result:; ob ta ined .  It i c  propc: ;t ’~l

to continue this work .

3
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icy desi1 ’.n 1’ , wh e t her  t a ct u ’ i , I l  or :~ o n— f . e ’t : i ’ i . i l  w I t h  .1 p. i vcr.

5121 ‘:c’12 ‘II’ ’, ’ , I .dLl.l ’ 12 .0 t 12 l’e , I t O e I l t -  , 1II ~1 .1 ‘ uh ’:e t  of I t :  ic Iock~ 5.

.11, 012 5ei’ I. .’ C p :; . I . ‘Ii:’ cr12 ~n ce t C’ :12 udv des i gi~s whi cli have a Iarc,e

:1 CO”’’, C I :iLli’ ,lSIS “is . A ~‘i. ,lt s gu w ill l.1’~~ to .01 indei endent est m ate Mi

of ~~~ ‘ ,h,” i; I pi: ; was started under ’  ,i previous A i r  Force

out I~~;.’t .irsd CCI, I ~I :u . ’d unde r t h e  12’l’e ;;ent contract . The ;~,ipei ’  011 Ha er  2u~ des i~’ IN

‘I ‘‘20 :0.121 N’ H . i I . i c c e . I  T I I C C T S O L S I 1 2 I ’ . ~~~~~~~~~ hc ;~ 11MW .l1 pedI ’C d :~ “L;cOiVS If l

1 2 1 2 .  ,i ::J ‘tat h- .12 ic;; ’ i :: :o~ioi’ Of 2 .  12
~~.iW. l  [ 3 ] .

I 0 1 2  Her ’ 5’ .l’ ~, Ic :c::,i. ’si. C:c: bOl: ; l ee:: cont inued an.l  subdesigns of c \snm et l ’ i  c

I VIC Ic JIM p’.. ‘.~ iN; t h e  d’d,1l 1’rupel ’t\’ have been s tud ied , and a

cc:::: Cl’ N I ’ , ‘~ ‘:: . ‘: ::c .1. In :‘art icular’ some arp lications have b een made

to . ‘.- l I , c1,.’ t r i C :l, ’ , I I ’ 0 o , I c :M .  01 ~~~~~~ I 4 J  : ; j ~~ H e 1 ’:: ,~cceoted L e l  1Ic~N1.

I:,. I cc-c,; o: l i t  :1,. 1 ccl Planning .ind lnference

.:~~ ca:’~ v :1h:torv of Malt i vc r i c t, ,.\ c c I v:i :

-I . ‘C ’. l .L ’  pec~’c:; ly e : 11 CI E s I p l y i n g  the e . i : lv  h istory  of r nu l t i v . o ’ l ct e  , i : i c L V :  i s

to  ~~~~~ ‘ S N  12’l ’ .’ O . I l ’ .oI , l : , i lorrIc.i t i l e  sul ’ j cut mattei’ c I the m a U I ’ u r ..~i

cc~ ’ .’ss il. 12 he -.t:: ifl  1 1 , :‘ ::c12 iC:ial Hvrnp o :: LUIS. on Mul t ivar i a te  Analvs is held

.v: 12 ’:I , ‘u:: ’

Ii
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12 :. ‘ ‘ . 1 ’. c:.,:-r’ ‘ a rt  B WOO done ho Professor drh.-a:.tova .

:00 Part  of the  C ~ 1 , ::~ h i d  one I 2 . 5 .  t u d N I t  , H .  F . M i l led ‘,‘ , wh o 1t tt .e

t ine or ti.11 ‘ ‘ .‘.‘r’ ’:t:cp, is fi:i : h i c~ , u 12 h is P h . D .  u 1 .  e rt ,i t i .o: ;.

P h . D .  J i . c cer t .it i  or: was cut irelv suppo rted by t h i l ;  A ir ’  Force conti,e 12 .

‘ic. ; wcrh  i :; t h is s ect i o n  wi l l  be ~ :,io. m.~r cce .h  under six  di~ T h l ’s . f l t

h e a d i n g ; . ‘I ’he ’;e ,- .‘l’l’C :C’ Llni to t he six d l f t c r e~it to; ’ ics ~n w h ; i c : ; ’.;i g n i :  l o a n :

SCl’.\ was rer ro rnc i.  These t oP i c s  are as follows :

1. Int -erecce  in 2e~ r’~ b: L inear  Mod eL: .

h~~ne St udies cc F issing i ’at ,- l’echn i ques .

3. Some H t u d i e s  on Desi gns for  Factor Screen ir : r .

4. done Studie1I o:i Ip t imal  i’ actci’ i.al Desi gns .

5.  Aoo l lcat ion  of Search: Linear Models to the i i c g n c . ; i s  I

13. A p p l i c a t i o n  of Search Linear  Models to Industr ial  Psy chology .

Lu the succeeding sections 2 . 1-2 . 13 , we describe the wc~’ K done on t de se

top ics .

(a )  Inference  in Search Linear Models. Lu t h i s  sect  ion we shall

summarize  some of t h e  mci:’, results obtained , w h i c h  .0-c coutaii:ci h~ 12.hc

P h . D .  l i ccer ta t ion [63 of h lc l lenhv , Chapters 1—44 . The~~ resu 1t~ w ill ice r u h 1 1 o 1 : - ’d

in the form of joint papers by Si’ ivastava and Mallenhy . irs or , lem to CX ~ l . l i1i

the results , we shall have to recall some results from ear l ier  papers ot

Srivastava [7 ,8].  After t h i s , we shall br ief ly  summarioc some of

the  result: reported in the thes is .

Consider the fol lowing general linear model:

(l . la ) V = A
1~ 1 

+ A F  ± e ,

( l .lb ) E x p ( e )  = 0, Var( e )  = G I N
S5
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A t P ~~.. ) ,  A J f l ’~’ . )  ~~ ; ‘w hi ;  ;,-)c ,:.atISow S , ~ , ( v
1
x l)  Ii, ;i vect or  of t i x o , 1  ‘dt ,MI ’,-: .

.1 0 2 h:c.n ; 1 or c ; .k :s .. ’..’:; ,:~cc,t,,i,t . A; . c’ct 1 ( y x i )  , o ct  3 .1

:s , ‘,‘s:~~Oc :e .

l h.o ‘:~~ ct Ot ’  ..,; LS ’L S  01: t’i :- -0 ,~ 0 , iOdIOe t eo! ’ l .  wn.:se ‘,‘d ] , i t, is’ ’.l: .3 :, . . ;-,’ :, .

h csN ”er ’ , i t :s p iv e n  U : . NO 1 2 .1 ~er::e:;t s oh ~~, Ire 01 11 negl i g ible excep t

f o r  -. set of .‘. r O - r ’. , -. ’ , S , W0~ l 1’ .; P. 15 .0 :0, ‘,o;, ::s~~t i c .’1, in’t -e,: o i :  : .

I c  is ::ot kt ;owr ,  ~- ; h.  I . ’:. p a r t  i cc  t a r ’ ,c hc ,~~t . 1  K el neut  c.f ~ is :cc . — n e c l i g i f le

Id :.ct’o-b: IcOl 12 .. oticus thi ’- made ± , F scold ‘oc’uallv Lw n:ucn .nallei t:.a:,

v ,.. .‘his is ~el1ed the search linear ncdt l w i t h  f ixed  e f f e c t s .

W i t h  ti. is mc IL , t h e  l c t er e~~ce p r o b l e m  is to search = 10 12 t h e  F ( :“os~;li. lo)

IN . -u- - g 1 2 iel:1~: ele:::e::ts of 12 , ;~ iJ t0 t,ek~ i, :.±’ e i -ecces  on these  elener:t :  -

o the  e Lomec ts  of . ‘i’h1 ; Je’: 1gm ; :‘r:t. let .  I ;  to  ,leteninN.e
—,L

the L I 1 1 1 2 , l t ’ C  of 5: .~~-o ’:ctic:;s s’ ( au d  hence  the  m a t i l c s s ‘

~~~ 

eo .~~A ) , so t : :0 t

:1 .c: ic;tei’en~ e ; : :‘chlems cc:. be ..c:. . iL,I  efi’~~~i e;.tly.

i h o t ice tI.at Ifl the  searci~ l inear ’  ~ .cde i  (2 ~ .,, a ) , t h e i ’;’ is a:. ‘~~x :r . .  t~~ t ’ :: :

5 ,1 . ‘25 : a tern  is not pr e sent  I:; 0~ ’ i 0 lN0’ , ’ e:.,c’aI r l 0C1,1I ’, 1 UO ’ .,s~ , ,

ho or di 11,11”,’ I l : ;o . . ’ models the  concept  of ‘ seci ’co ‘ is ::i:. - hug . Toi  sn ows

t ot  WC : c c u l c  e x c O ct  t h e  - -i. .h nc dcl to fit real i l L  ;I i t U, 1t N ’ l . .’, I ~Ntel’

t .’I~i . 1 N 1 2 : . .-il’ : lior,ii’ roodels . I nd e e d , very ottos , Id ~~~~~ ~ ote sotucto. :.b

o w :  ‘2 OflC ili.e:::ots to f i t  j  lInear m~ Jol , one comes to a ~oi-ct wb,erc 0100

f ee l s  t h e  t he r a s  i;.cl uled all :i r c n e t e i- :~ in h i  .o model ;1-h i  ch h , e  ~.cu - S

.ois . At toe same t ine , he may feel  tha t  t h e  isodel h ;e a:-

h ’ : co t : e s ic L - I :c,. ’.’ :c’ t Lt  well  enoug h , since t- k:s. ’ws t~~ .”i~ h i :  ‘ ‘ X: e~~~CI:, ’~

12: . 12 t : . . re  o:i,;t cc a hew 1:;ure parameters  w h i c h  are n o n — n e g ]  i gi . L ’ le . 1~owe vw: - ,

he c s..: .. 12 :lc,i..’ t I , w- ; e r ’j r ,inets’r’s 12:: h I s  mode l . bc e the e a: in t ro;

~~~~~~~~~ .1 N: Id’.’ Cdt’ - . ‘o12 o f  a 1:irge ‘ - ‘ 1 2  Ci pa:’.i::’e t o .  , ,c;.i he I’M doS know 

. .. - -‘_ _ _ _ _ _ _ _  _ _ _  

. . , - -— — — — — ‘
.
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CX3c12 1’; wh i ch  P a r am et er ’  I .e . h nu l J  i nc lude . Be ma ’,’ dot i n d u c e  all ci

r e m a i n i n g  pcr ’ . I n et e r .  : ‘MO IU:.o t r ” .’irs p t . est~ m ,-it e  all of them b y a c in g  th e

or ’dIn~~r’; l inea r  model , and t h u ~. d e t e r ’mmnin g  ti:e non-negl ig ible p a rameter s ,

would involve too many oh. . e rva t  I oris . Also , :, m o o  he know :; th a t  most  of

t he  paramete rs  out of  the  large s-it of parameters  are n e g l ig ib l e -  the

ord inary  linear mode l Ir nut  q u i t e  aoc~~icosIe . dlear l ’z , t h e  s i t u a t i o d

is described a rpro or i at e ly  by the cearc i ;  l inear  model  d e f in .e ~ ab o v e - . 4

The above search model was f i r s t considered by 12~r ive :~t,i’i a [7] .

The case when e 0 ( the  vector each of whose  elements is zCp.o ) is c::lled

the  noiseless case. This case i:: cu ite  in ro rtant  s ince  an ’,’ 11ff i cu i l ier

a r i s i n g  In the  noiseless case also r e mai n  p r ec e-n t  snen r ;c iN ,  I . : impose- .:.

We now present some results from 1;rIv.. t ,’5~,
..0 [7,-.j for

use .

Theorem 2 .1: deris ider model (2 .la , b)  u~ det t: ,e u L .  e-l’- ,~o ...~~.e- . A

necessar- ’,’ and cof f i c i ent  condition t h a t  the - -:::,~.-:: t - or ~
, ma’ ,’ : - : or , ;

e x a c t ly ,  and the correct n o n — n e g l i g i b l e  :~~~ of CII ir.-otr r -’ ~: .  5’~ . ‘ 1 1 . . - -

out of 1~. with  cer ta inty and t r . e ir  eXac t  “d ’s - .’ P .in i , is  1 2 : .~~~t : ::

( ‘ 3 x 2 k )  submatrix A 0 of A~~( N x v 2 ) ,  we h i - ,’-;

( 1. 2)  P d n k (A ~~:A )c ) - V
1 

+ l b .

We no te  that  th in  means we muoct ay e-  .~12 l.S .I 12 + ,, k )  ~~~~~

t: -..ot ic ,

( 1 . 3)  F > (v
1 

± 2 k ) .

Fx.~m: ho ’:; are , ;Iand ant  where mat r ices  A 1 iriS A. , il . .:: . f y  conS it :1;: (1. ) ,

.snd where N at t a i n:  the lower bound in ( 1 . 3) .

The revelance of Theorem 1.1 to the n , . i : ’; case ( i . e .  c ’ > 0) i s

7 
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t i , ’ ~‘i : : k . c J i t i o : .  ~2 ~.. ) 1 . ,  t i l l  ne -c e -N it - ’,’ , Ha ’ it  w i l l , f c ’ ;: . o , I.e

no i_ ~n g w r -  ..u :  r i c i en t 1 2 . 1  t O e -  i n n e r e -r , c e  orob lei t  to be :ol’/ I~S. ‘i de-  N.

( l .l a ,b )  in wi - . ich A
1, A ., ‘.o.t i s fv  ( 1 . o )  is c.ailed t h e  snr eogiy ieccl’ i

search l inea r’  mo de l w i th  P Ixel e f fec t s .  Also , if we call T the de:;ig:.

corresp onding to the  ob, e - r ’v c t i o n c  v , toe:: if A~~, A . :~iti.ofy (1.2) we so’,’

T is s searcd desois:; :‘-e: .:olving power {~~1,1.,k } .  Important clacoes

sa c: :  designs h...ve i lr - c .odt’ been ‘obtained ( for exanlple , by Srivastava arel

L och ;  [ 9 ] )  in the msr.t e~ t of factorial exp e r” in en t s .

en ~~ L M J  Los .;b :Wn t -t  the ‘:0 11-on mi d estimation preSto::.

c o n cern in g  12 c i:: be . e -p crcot ed r :’om the  es t imat ion  problem for

ord ing i ’.’ , it is o,oo icr to consider the  model wi th  1. 0 ;  th i s  is o~oliec

the  o:” . : , .’earct t i n e~~r r :ode --o . Set v
1 

0, v~ = v , A0 = r~, and 
~ 2 

=

( 2 . 1  o , h ) to  oh tj l ; .  t h e  model

( l .~.) A~ + .o , } x : . ( e )  0, Var (~~) = C I ,.

w:.er’e it i.~ given th en t : s t ’  e l em ent s  of I -or e- n e g l i g i t  le exsc-s ’t ::ossih.1v

a set or t no :t k element where K i~ .t s:Nw:s Cocrttve I nt eg e r

th e  n.;:.- :.e-g, l i g ib.L e subset I i .  r ; st  k::ssn . Pr om (1. o )  we have N > I F .

r m b  condition becomes

( 1 .5)  r ank (A 0 ) = 25

for every ( N x 2 k )  su~ matr ix  A° of A.  There are (~~) d i s t inc t  set:;

i 1, 2 , . . . , (~ ) ,  of k elements of 1, and the corresponding :n’.;,.l - ; .L I -

( 1 . 6)  y = A l
1 
+ e;  E x p ( e )  0 , Var (e )

where A .  is the set of k columns from A corresponding to the elemen ts of

1
1
. The search pro b lem is to select the correct ret  of k non-neglig ib l e

8
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• 01~ ~~~~~~~~~ . 1 ’ .’ , t .o ck ~L,- cmx:’: - ,’ :‘; .-de- ‘P0:: t o - .’ oc t 31 ( )

: 1 -  1 2 ’  i t (l.e). S ‘ic , ’ 1 2 - 1 2 , 1;. v -  P
. . - of ( . 1 . 5 ) ,  e t c h ,  o~ t b , oo~; :, .I-: _ .5

l : : . c . o r  n’c I,.;l .  Also , :; ‘t.: tI. it  s’ . - :::u .O: t , i k  A ‘s~~ h

1cm, :. :. - r ’m , iI ned  . ;o t hat  ,iil t I ; ;  :“m r ’.jri;e ; t e -r  . ,i re  p i  v o n  e:~u~~l we p l o t

in .‘t r :e-r ‘.‘,‘ . ‘r’ds , s . ly e

( 1 .7)  A = 
[t~~~~

t ,..., i~~ , r I o t s -  a .o . 1, i = 1 , 1 , . . .

Four met: od ;. . f - ‘ e ,mr ’ch  ( for .-o ner i. K) were t rc:; oced 5’, - ~r ’ V e t  0’

[7] . Of t dece -  , t :-;r ’o ri’ e- isioc I ox’ tb:e , ;e le -c  t l o t ;  co t : 1 . .’.t ::u h ; ; :e12  st k

at -moe t ..; i’. ( t.c e’ or’r’ecporid to t b :e  :.ossibly non—zero  set ) r~’b: ich in  :~~:i:;, ‘en’ . ’

oc r -re : ; :  ond-: 12 .‘ .o “ ::si ’rl” sum . 1  squares due to error . In tI ;’; other’ too

I. - , se- cons i i c r -  0 .r;n it  ii.. ’ Le’ :;utn of c ;ucr e ,  of the n o n — r : e - c l i g , il 2. ’.

1 . 11’ i’:, - 12 .: . 51 .1, Ot 1215’;-..- n i t ’t  . 5:, , even ux: de :’ the  e ;- cums t i ’oI :  of nc .r ’ ; : ; . , l  i t ’ , ’ 
*

1’.:’ i f  to :‘~ t f o e r ’  1:str 1c l U e- list; ::oenon tr,eor’t’ i’r~’blems . is’’:idc’s th,~’ jh  :v,.’

12 .~~t’ m et :, )dc , a :121 , m e L i . ., .S :. . e 5 e-w a  develop ed , where t i r e  iie.o is to

12. . I H, - ,o tnc ,Ize  toe ..ct ‘5 ’ 
• ir’ i::, e t e - r ’. : 1 ’ ) t o  two parts such that  one , ‘~~t t

i 12:;.’ la roc  . :.cr ’ .’lne te I ’ : . .j :id toe ot :;er  does n ot .  ‘U;m .c’.; is the ‘ e- c; 51.’ . 12 ’ . ’

U ; .  i t , I:; g e n e ra l , toic uCpr ” O , ; ; I ;  would have the meri t  of i ’ecub ’ine less

‘ r n :  o tat  ion in the select  ion process. !b’low , we proceed to decor  i t o

: . :-cce]ur- e: ;  in a l i t t l e  more d e t a i l , and cx : ’ i , i i x l  t ;i e  r e s u l t s  ,~I - :  .i irs .’ . 1 .

Now we shall describe in de ta i l  t i r e  v .11 - i ou ; -  m e t i r o f : ;  of ::e ’m r ’ ’h  t h . S

have been s tudied.  We shall re fer  to the general search .1. in€ ’ ii ’  mode -

two sets  of parameters I ,  and ~~~, . W, ’ :11, 11 i. assume t t ’i at  t h i n - c b~~~. tn ‘ ..

‘ t  at most k parameters , out of the -ct cot I , wh ich  is n o n -n e ro . We : : I , i l l

assume tha t  the  value of K is known . The metho ds  then i t t ’ a:: t ’ c’l l w : ’ .

Method I .  This method cons i s t s  .5 t a k i n g  a g i v e n  : , o ; f ’ : ’ t  o f  K

‘at of c,, , and consider ing the , r - d i n o m i ’y  1 i n - I t -  mo lt -i w i t  I ’  + I. C d t ’ , ClC’ t el’S SO
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obtained. Corresponding to th i s  general l inear model w i t h  + K ;

one could calculate the sum of the squares due to error . Cor ’r e : : : ’o r td i r : e  to

the ith set of parameters (1 = 1,... ,(~~)) out of I,., we shall get ,i:; .rro”

sum of the squares , which we denote by s~~. We could calculate the value

of s’ for each value of I .  Let the integer i be such, that m m  st’.
1 0 . 1

0 1
Then , under Method I , the subset of k parameters in I , which  cc.rr- ,:-::12 ond::.

to the value i~ of i wil l  he considered as the n o n - n e g i i g it . l . ;  : ‘ . ‘en oh ’ :d r ,om. - t - ’ r ’ .

Method II . In t h i s  method we at tempt to obta in  an est .i n . t e  of 121:”

sum of the - squares of the non-negl igible parameters . That - :u f - se t  of K

:‘,m r ,r m e t e r o  out of ~~~, corresponding to w h i c h  t h i s  es t imate  i : ;  t i re i ,org~~st

12 : th .:r, con ; :id ered  to i c  the non-negl i g ible subset .

Me ’t h ioS  I I I .  ThIs is a v a r i a t i o n  of M e t I , .”:i I .  In th i s  cc: ’ , we c h oose

srI  i t i ’ . i m ’- i 1’~’ , a number c , where  c is : , ‘ i t i v ’- . A good valu .” o f c dot

k-nown , Sot’ °ne t i ’ i i , . , t t ’ i~ val ue m i s s - i . : ’ - 5 . - r i- C
0 

1 :’ a numb er :;UN. t b - i t

, mr ’ t ’ app r -o x i m a t e l ’ ,- u x (~~) ‘,‘,t i ue ’; - ,: I s i o h o  t ! . ~~ s ‘; ,. We t h e n

cons iS-s r 121 - -  - ,- ‘ “ t a ]  1 ‘ . 1 1 ’  1.  12 - r : I~ , I ~:.d 
‘ ,.1he a ‘ r- - , .r . ’r ocs - .11 1 2 : ’ ! :  Ui ’ I

of  t h e e , no t ing  t h e  number 1 f  t i n e s  n o v  ,u~ h~ ax ’  i : : , t - t ’ ’ to . ‘ ‘or in tno ’ae

st  K : ‘ ;mr _ t t i . t t o t ’  - C u t  of F !ot ~ sb : : .  ~ c .  A m  ‘ -~~~ I . is : x ’ s  mo ’’:

di ‘ ; t r i t t r t i c . : ,  is :::, ide , we choose- t b .  L, : .11’ it: ;’ -t - ‘ ‘  a :  I c r n - : . : ;  i : , m ’ 12 ’ .

t - ’ I ; i o h i  t he  f requency  i : :  t h e  i;igl .”st . 12 •r : . . ’c.. ‘,‘r l u . ’ of’ u . ‘U j  1 be-’ ’ 1 ‘01

in cr-cct .ice . One -md v i :~~l ] e  value m m ’ ,’ 1’. ’ u 3 .1 .

Method IV . ‘Ib i s  is a v . ir i at  ion o: M ’ ’t , h o o d  I I  i t :  t b , ’ - s,i:m d i ; ’ ’ , en ion

a:; Method I I I  is for Method I .

M’~ t i~~ d V. Tb i ; :  method j :  a h i t  t o~ cs . u rW ’ .l ’x to hi ’ ; : t , i l ’ s l  bs ’r ’e  i ;

‘‘1 ,‘ 1.’ t i  i i  . 1 u w ’ -ver , t l i ”  met in  i ~ie ,i  - I t :  Ic 2 l ow : ;  . Wi’ - - u t  12 . 1 ! :  on , ; . h i ’

! ‘ l ’ ’ . t  w i t h  r -” f - i”n c - ’ to t b ; ’  case when K = I • and l~ 
i;; ,i n u l l  ‘ I t  • SO t i  i t

I U’ 
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V
1 

= U’ . 2  h .. matr ’i  ‘c A , ;‘;i Ii bier ’. be 1 ;‘ ‘ 1 S so;  y l v  A . P - cot: I ri t o ’

t h e- -u l sp, ’meo s  of  1 2 : ; , ’ co in;:;:: s . ‘ e- of .‘\ , u ; . h i v i . b o  t h e ’ .. ’ t of p i t -  s t e - ’

t , ~;s’ b u i c h ,  b e t ’ .’ i. ’;u, ’ t - . , ‘- a ’  sI ::: . 1 , I t , ) ,  1 ’ . 1 2 w . ,  p t . ,  ,
~ 

ci,I  I

w h i c h  ,ire m u t u a l ly  ex , : l u s i v, - en I ex b au st . !’,’c ii ’; t h . ’ ’ ’ . - t .  .. ~~
‘ , a ’

t s~’e t b u e i ’  t h . ’s i s p - b u t ’  all t b ;e  e I . ’s :- : ; ,t s  ; f ~~~. N w , us ’ ’ c’or ; : : truct ‘i q _  a , ’ i t h o

v ’~~~v , and we- choo- -’e . ;  ; o U m t  “I- S ‘0:0 12: 112 i t  5 ’ ) ’ , ’ t’ ’ l , - : . . . e n  : .~~ be

1.11512.. ,; ’ tb  ;:; a , t b , .- :  w~ d c c i i. -  L I s t  lie n o n— n e g . o I ’  l i e -  ;.ar  mr ; , ~~t : 2 e .b ongn

to  f l o e  : ; i ; l - s ’t I 
~ 

and ot h ~~u’s I s e  w. dec id e -  12 : 012  it I 1 ‘e s  to  ~‘, ,1,

: ‘ i s o i ia ’. ’ 1’: , we con ’ . 12 t ’n ,;i moot bmi ’ r  .Ju a ’ .ir  i t  I - I c r - t o o  ‘ Q v , , I ; u ’ .l ~~~ .~~~

constant ;~ , ‘:‘.:; ‘ b: t b ; . i t  H o’ ’ Q ’ .’ t :n’ :;  ~~~~~ to  h e  J o r g e i ’  121: 05 ,i~~~~ t e - t ;  -.0

de c !.t :  t b , . i 1 2  t b. - n o n —ii ’ ’~ i p i ; ’ l ”  s- i t  , i : ’ : ’ ; t , o : ’  he- Longs  to  a sub set: I .  of I,

. in i 121 .  i t  o th - ’r” sise  1: b ’ .. ’ I :.. ‘ . ‘ t : , -~ c-wi;: l i : : , e - : ; t  u ’s’ u:b ‘so t ~ , . The -  ,‘;ui~’ ’ e L

.11 , 1 a t , : t i ,±1 i \  ex c it :  i v ~ and ex h a u o ;t iv ’ ’ . i.~,
.i..’ , s n s~ 1- ’ : ’  t o ’ , ’ t wo

iC t O t S ’ ’ 12 • ‘s~~’ . t e o ’ : t l ; e , ’ . : :mu’ ~’ ..- t h a t , in t I r e  
~~~~~~ 

t i ‘ Oh  ~: .

t h e  j r . :t . , ‘. i , t t i ’, t tj c  I n’;’; .i nj j o ; i i e o ;  t b , , o t . the non -’i:esl . !,- i i . ’  L a ; ’  a : : . - ;. - ‘

.05.1 ‘tic c : osd ::r i d ; - , i t , b h- - i ” , : ,  i r ; d ! c j ; - .’ I t h a t  i t  b e - I c ; , ’ ’ I . ’  f ,

- s ;  s .  ‘i s ’ . ; I I- t o . , t  t b : . ’ 0 : .  . 1, 0.’~ , I u I .e . ‘ 0 ’ it o ; ’ - r.or’ 1 . ‘ , :~~‘ : -  t o  t I : .  i ; L ~ ’ “ “i ” 0

t b -  12 w ; ;c I  . ‘ 1~~ , :, . j ot o e ly  
.~~~~~ . 

~~ 
~- i : : : ! i . , r ’ 1 v , w,’ ;’i ’ e,:’’ ‘ 1  ~~; t o .  , ,t t ’u,p

‘F- ’ o: b o o ’ : ’ :~e a r ’ s ! t 1 2~~.’ i n t . oo ’ . ’ ; ’  Q . , ln : -‘ “rn - 1 :  cot ~p;.i] i

i ’ i the j~ ‘ j u t ’ , t he te l. .1, Is .21 v I . 5 ix: to  t wo  c U ’  , o e - t  - , en , ii,

et . t i 1 , i :j t ’ , ’i t l . C  t o m - n o  ‘,‘ ‘ Q . s’ I ;  - ‘ ; o o t , ’ u , ’ t e d  ~., . I , m ; i ’ ; : : ; .’ o i l , I s

L x ’; o r - m b ;  t I : . m t: i f  y ’0
1

v is . 1 . i ; ’ , ’, -o ; ’  th in t :;i’ :; s. .1 - o i l ’ .’ t . b: t . ,-o :oo ;s ;o

I i t ’  it’s - - t o r ’  :‘e I m o ’ ’ 12 ‘ ‘ ,~~ * s t  L o t  wi - ;e 0’. I ’ ’ ‘ I ’ -  t I . - I ‘ x i , ’ t i  , . f I r ’

i ‘ i. ’ b :  I ( I 1, . . . , ) is’ ’ ’  . 1 - ’ ’ ’ 1 . 1 -  ~ b ; ’ ’ t b o c i ’  ‘ - :;‘ n — t s o ’t ’ I I~ i l l e r ‘ r ; - c - .x ’ ’ t  -

1 2 .  . F m m l i ’ ,’ , 1 2 1 : 0 ’ . j l1, ‘ I : ’. ’ ., ‘ r o s e ’ :  , ‘ I ’ T .S ‘ ,,- ‘ ‘ t , : , ’. ’r .  Wi ’

t i s  tL ’. ’ m ; . ’: - - ; ’ ’ - .’ I i g i l ’ l . ’ r . m t ’ . ; : ; ; ’ t - ’r i S  op t f 1, fl..fl ~~~, .  w i ’  r e

v i i ’ ; - ’ 1 sir I . . ‘ : 1 , - N::. I or is  d c : ; , ’ : .  i :. _ , . ‘b , a .: - , t t . ; t  ‘ 5,’ ’ : ’ ’’ i - I c .  , - . ‘

11
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.u: ct .  i l l  . ‘ ‘~;o ’. . i i :, it t:. ’ ’.t sn ..- : , i t - -mt io . .’ter .  Final ly , dec i s ion  i -u i . . ’’ o r . ’

‘.t  ~-u~~t -  ‘5 t , ’ i r ’ i ’ i v ’  en tb ;’ n ot ;  — n . -gL i g i l b  parameter , ct e t r ’t  ing front t I :  I ;

‘ I n

In t h e  hoot  f o u r  ci ’, .;: t o y’ ;; of t he  t i r c s i : ’; , these m ’..’t b , s s d : ;  , i ~~d many

small ~‘. ir l at  ions of t i r e : o co  are s t u d i e d .  The m ; ” ;  i i  n o t i o n  of t b , . ::c i . o  .11, 1 0

s t u d ied , or ”t i cu l ar l v  t o  the c,ms ; c of .fract  i o ; j , i l  f , m c t o t ’ l , m l  desi gn : : . b ie r , ’ ,

t v -  121 rid. . ot ’ examp les ,mr c considered.  One is 12 h i t  where  I i 
I : o  t hu. ’ nul l  set ,

I. conta ins  all the parameters of t ime ‘~ f a ct . ; ’t ’i . i I .  I t s . ’  o t b o ’ ; t ’  is t b o e

, : , i o o e  where r,,  corresponds to the  ~‘et sers  il  mean , t o . ’ n :. ’ i I t o e f t c  12 ’ ’ , m: i d  t b r ~

two factor  interact ions , an d F,. cot’i ’e: ’.m ’o ; ; i ;: 12 ,  t o e  : - r n  ; :,c ; 0 :;, , ; t e -’;

0 
5uch des ign s are called designs of r e : ;olu t i on  P . K .  , ‘n ly  t h e  ca: .: K = 1

c o d : :  ide -red .

M e t b i o d o ’; I I  .tr i d IV are studied  vet ’,- 1 i t ’.le . : 1 2 m m . ’  t o . - . m t  I ,L . ‘ t  ‘ :s ’ , ’ i s

made for  M e t h o d  I , p a r t i c u l a r ly  in ‘our: ’ ;t i o n  s l t h  I t s  .e - ’ ;  l i c e ’  I . ~~’. t o  t b .

fac to r i a l  d e s i g n : ; , where F,
,~, 

i; t h e  nu l l  . ;. “ . M t  tic ’ S V I . . . l ’ ’v” - - . : c i ’ .’

~i l i t , and t i r e  prohabi 1,itv of correct  , .‘,l12’c:: :i:o.l . ’ t - th  o’ :’ . . ’ ’ : . . : is :;t ‘o.:

tb ;eor ’e t I c,i11e . How to construct  the  . lu , ; . t r , i t  I i ’ : t ‘155. ‘ ; _~. .~1’~d t h , ’ ’ ’ o : ; ’, i

and 
~~~

. ., is discussed in detail. ‘I” ;, ’ pi -ai mi I l l  t\ ’ ‘ f  ‘ a t ’ x ’ . ’ct . .e - .~ ;

i s  calculated theore t ica l ly  for the ap p l i c a t ! ’x ’i to t he t o . t i - i ’  !.~ 1 ‘ , o~’ h . ’ t ’ ’

= 0, (I.e. ~ 1 :; a null set).

A number of Monte Carlo studies have .ilso been rn ,m.l, - r ’. ’ m ’ , t r d i n g  N . ’

I and V and many c f  t h e i r  va r ia t ions , pa r t i cu l a r ly  w i t h  i -c t  .n’ , ’t:ct ’ to tIcs

two app l i ca t i ons  men t ioned . The 1’r -oi a t ’ i l it y  o f correct ‘:, ‘ ,i r ’ , ’ I ,  f o r  M e t h o d

I turn:;  ou t  to  l’.e very h i g h . ‘-lt ” fl:’ l V I: ’. 1 1 : 5  to ot t oo  b i d .  Th ,~’ c lr i ’ ’ t

advantage of  Method  V l e e - rn ; :  t o  be i t ; ;  ~~~~~~ t I ,,tl oppi I c i t  ion l’s o U

cones , and it:;  genera liz ib i f  i t ’ , ’ . N - I  hod I , in ge -r n - i ’ m  1 , tu rns  ,‘ut  to i-c

theore t i ca l ly  very car. :’ 1 .‘x , : ’o I mi’ ,a;; I h o ’ ’ 1 ’t ’ - ’.b ‘a1 ’ i .1 it ‘,‘ m~ I 1.’cI’i’ .’ct

S 

1.’

-~~~~~ - .--~~~~~~~~~‘- -~~~~~~-~~~~~~~~~ -~~~~~~~~~~~~~ .‘—~~,-



n ;  ‘ J o  ~ :; , ‘ ,.m t n . - ; : . b , - ‘ , l .  A 1;oc , I : :  ~‘, i ’ O i O Y ’ . i i  
* 

‘ :, , ‘, b c ’ , : I t I c ;  ~ f ( ,
i 
) no ::; ’

‘ : u , i i ’ ,’s in . ’ t o  .-r r ’r ’ , r i o t b i n  it -b y vi ;. ’;; v I ‘ l ir e” , o , I K is - - s’~.:.

seems t o ’ he - i i . mr g. ’ v - oh tn i ’ ’ o f  ,‘ uo ’n:; ‘a t , i t ’  I , ’n .  ‘:: t . h. ,~ o : ’ t b o , - o  o. m : .d

tietbo; ’,l V needs  iu st  ,i f ew quant  i t  ii: ;; t u b , t b i . ;’ et  i t ” ’ , i t . S ets :; : : ; m ’ t ’ u

, m t t r . m c t  ive . However , to ;  it ;:t,i ;id ;: now , t 05 ’ . o n..’:°t ion  of  ‘.io ’ t . ’ ; ’ ; : . : t ’, o t i ‘:1

of  t h e  a ’ s I; ’ ; not’ q u i t e  :: sm l v e , b , ,i l f l ; o ’u ;’ :;  ,m fl e  v . i t ’ l , n t  i - n  of r” . ’ t J : , .’d 12’ ;5’L- ’r ’ ’

a ’ :; in - .’ done ,OW i\ ’ w i t h  ; : , ; eno : :  to  I ’ . -  ; ‘  t ’~ ’r; l u o  i n , ’ .

“° ‘e m~’o ; ; t h” . ir t e x ;  i n c . re::ult se. ’ t :oom t o  b e  12 t o e  t o . ’ I] ow ink’ . ‘th e I ’ i ’ u I ’  m n i  12 it ”

, f 5’o;’r,’c t’ search , o:u shown by Monte Cot ’] o :0 too d i t , ; :  • t or  the o n : ~- .’ ci 12 ::. -

f a c ’ t s r i ,iI , s ’ ,s’ b ;c ro  E~ l ,ui no t a nu l l  set , turn;;  coil  t o  b e  vet - ’,’ b i d ; .  ‘ 121 : 1 .

boo s ’ ;; 12 10 ,1 t the deisgns  obtained l-’v : .r i  vj : ;t , i~’, i nod o t b ; , ’, ’ ; f n  i t ’ .’ ‘ x .  ‘“Ii ::,’

t b )  M i s s  m u g  i’ ,it ,m

In Cb o i t ’  t e r  V of t h e  above the;; is  , ;;ome m i s; i x : , ’, data tt’ , :hnxo I JU e: ’ :;, rv-

:‘ee :s c’om ;’, i t ’ cd ‘a, ; ing M onte  C i t - i s  work . Also , f so ’  a ; ’ ..it ’ t I col a’ sous e. , som~

theore t ica l  s t ud i e : ;  are made .

‘ i l ;.’ :‘r’oh ’ ien ; is t t ; i s  . t ti .n~’:’ose t hat  we boov . ’ a t t ’ i v , ix’i.m t . ’ nor rtta l

:‘o ’:’u ta t ion . Tb j , ; r o pub a t i o n  has t h r ee  un i v , i t ’  i ,mte niarg 1 : 0 , 1 1 ; ; , t b o i ’ e , ’ b .i v. o r

xi. i re  I n i l ’ s , and , of s our ’::,’ , one tn variate margin,m ] wit i c l i  i s  t b ; ’ o5o ;. ‘I ’

:‘ ‘; ‘ ut , it  l oxi i t : ; e l f .  Thus , i t  l i i ; ;  .‘
~~~ 

— 1 7 o o u l ’r o cu  h i t  l o x ; ; -  i x ;  it *

i t  i ’o o:o jm n: ; .ider ’ed ,; suhpopulat ion of i t s e l f .  Now , :;u ;’;’ ,r n e  t b : . m t  . u i r n ~’ h . ” u .

are gi ven not only front the trivariate marg inal hu t  a b c~’ I ron: m,in\’ ,‘t’ - il

of ~h” :; ix ;u l ’r c ’pu l , st ;o n s .  These : ; o . irn i ’i . -’; mm r . m \ ’  1’ .’ of S i tt .oc ’ ui t ‘1 u : .  h. ‘\.

u s u t ’g o : ;e- t hat we wan t  t o .  e o : t  ima te  time mc mx: vt ’,: ~ , ‘; ‘  ~j (3 x I), t o ’  , ‘‘ °‘‘i’. ‘i t t  I

A
L .~~~~~~~~~~~~~~~~~~~~~
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~ 13 ’ ~ 2 ~ ~~~ ~‘ 0 !  a ,, . ’ ‘~~ 5 . .  o~~~ , ‘ i t c h  : ; . ‘ : : , s t ’ ,j 1:;c’ ;, :, ’ - ’ ,’.’~ ,’ i n; ,

o’ the t ” i v  i t ’ i . i t : . ’ : ‘ :  n , ’ c i x : . d .  b l o t ’ M o o t . ’ ‘ -trio s t u o b i c s  ; , ; i . ) os ’ to ; i t . 4 ,~~~~~~~ o ; ’s oj

‘ .i:;o’les t o t ’ ’ ’ a;’~’ a ,‘.o; n h’t .’ , t  ::;ot b o , ’j ; .  w h i c h  o - i ou; ;  to 1. e’ ’ :;’.’x ’  e’ Iv I . -‘ t .

ha ; ;  ifS tire ,“t bme - t ’ ‘:;. ‘t . I o d: s t u d i e d .

,“;I so , t I : .  t I : , - rot . b o i l ; ; t : n , l \ ’  m e n t i - ,’n e . h  , m l , ’v. - o cr;’’ ’ ‘: ;:;d.. to 1: ,, - ‘

v:. ’;- , ill et .’ ; ; :exot :  ‘f  to ,m r ’e s ’~~u,i1 , .i 11 t I : ,  co t ’r o ;~~ a t :1o:o ; . . ; ‘ . ‘ ;  :‘u .~ .L , ,o .I

i i  ‘ : ,s .i It the t h o r , ’ ,  v . ; t ’ i u n s ’e ’ ’. ire . cu i l .

( c )  Application at L e , i t ’ch  I., i ; oc , ir  N - m o l d : ;  to !“.‘olu,’,’i— ’ ’b ;’ .’
,hcreet ’n i r . g  Des iitns

Bel . oms’ we g i v e  .i summary of  t h e  ;‘ , ; b ’ e t ’  on t h r e  . -u l ’ ° e, ’t w h o  l o t ,  b c ,  t en

I t i  t u ; s ’ : ‘ t ’scce 0 l ix ; , ’:; L 13]  of’ tb. - Ihi ~~t J , x ;tt ’:-:n o t 1 2 c : ;  ~l b I .::;c’t:~ic . , t , , , 0 1 : , : , o : ; i , .
, Is’ U :,,

l 07o’o , :s.ogeo; I 39— lcd

The :‘;‘sb .1 ,;t ;; , f . 
f actor screen t o p  c;itr h e  ‘ : t , m t  el in man’,’ ways , d ,;:’cn~l 1

usc;; t b ;e  , 1 u s : ;u m ; ” t i .’n :o  . In t h i s  r iser  ;ub ’ : ; , ’t s  c-u ’ t b , ’ ;o l lo win g  . i : : o : u : ’ ; :t  i x ; : ;

ire no, ide

(Cl-i) o °;rt U t  t : b ; - s  t .m t , iI  of m t . i o t . ”r ; ’ , at ;noo ’; t o h I , i c t o u ’ ;; are of  t , : c t i v s ’ .

( C l h )  A1.1 I , i , : to r ’ :; bom v c  t b : , ’ In ;,’ pr I C;- s t - o h - m I ’  .1 1 2 1  t”,- ’  of be ing e ft  .‘ct : ~~~~~~

( C 2  ) i’b ;e et  t e ,C t i \ ’e  v , i i ’ i , d ’  t , ’o o l;,Wt’ muc hr gre,itcr- ,‘ t f ,‘o:t t b ; , m x :  if ot t b . , ’

unimportant variables , -c -t ; ;h ’ 1 ned . In  c’ t lie;’ woO’s];; , t i . .’ ~~~~~~~ ~
- : xi,’:; 12

error is small.

( ‘3 - i )  There are no i n t e r a c t i o n s  1;:long factors .

( :31 - i  There ire in ter -ac t  lc’;ns among fao ’tc ’ r ;; . However , if an i n t e r a c t i o n

i :rv. oiv ixi g 0 : - i’,’  r (~ 2 )  t ’, i o ’t o r ’ :: is “large ” , then , , m t ; y  in teract ion

(r n  “xi,i in ‘- r t. ’ct ”) involving ;i ; , u h ” ; , ’t of one or ’ more of these

r t m . to t’ i : : - ml ;;, ’ i a ; ’ ,’

Sc’ ‘ fl ; ’ ’’ , ‘t  i ’ s ’’ . ‘t ;‘ o ; O : ,  i l l ’ ’ ci f e - c t : -  I : ;  known . In et h e t ’  word::,

we- k x i o w  ; ‘‘ . o i  cxi ’’ of ,;ny ‘ f  t - s t  . (T b; i s  i : ; : : u m b ’ t  ion w i D  I”:’

o ft “to made ‘m 1-m n ,’ w i t h :  ( . ‘ 3 . t  .
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U ’ ‘ ‘ :; 5. :’ ’ c: -a’ of i . ;; “ , ;  I “xi’:; c ’ s , :’,’ ‘ 0~ ‘ . ‘ ,‘ ~t ( .t n

t;. ’ i. :nt’’ , : t . i ’ x : S  (, C - ) ,.m:;d (’12- ’), ,,;;,I ;, ‘ - : t : o ’ ~~~~o . , , , ; ; , : 0

- ;

‘ 1 . 1 . - tn I - ’ tb 15: :;- ’,; 1 — :‘ ‘ xi ..lu c’’, r : o  - :-x : - ‘ ; ‘  S ’:.~ w i ’ , I .  r I;; I : - . m l  ;

. ;u , - b .  t :. o ’ us I” ; as c’ , ; ,.:: r’ i . e ’ ,- ‘.; J ’  -to of th e  S ov~. S p ’ H;;- • us or- . ,r :  1- ’

;‘ . ;f, 1 ‘j , ’ ‘t o ,  t I ’ ,’. b i t

- ‘ t — t ’, : ’  ,‘ F: - ‘tS I : ; , ’ ‘ x , : :‘s. ‘t o ts m ; ‘ - - o : ; ’ svox  , it , : _ .; 0 U -
‘ ;t ,  I I . I

o,’;;.’ h i , ’ to g i m l  ‘,x is , ,  Ic 1;; t h e  ,l~- t ~ ’ . ’ ’ i o n  ‘‘0’.’ . , t t : ’ i t  m i t . - .c: , :,~~ n . ’ ’ t so

to .i 1 i r e . ’ t - o ; u 1 2 , i t’ i , ’:i . A iso- os Cxi ;; : l ’s 1;; ‘.-o .s u s e l : :, i : o  t y e n ;  a t

S o t ’ I . ’;;;; ‘on : ’ 1-.’;’’ .1 so ix’ I o v o l ’ ,’’ - ,r I to’ ,’ ’ ‘ : 1’ ’ , :  ‘ - 0 ’ ‘,to ‘ U n ~ • :; to

:n ’. - ’ ; . 0 . U i ’ : :  ,. : o ’ o x ’ ; , ’ f , ’ , ’ ’;; ’. I c t . ’ly , i 1 ~~ ’ ’:; ’. , b b o ~” ’ ’,’- ’ ; , 1; ,  n , ’ :S ,;o , I t ’ , : S , o , . ; :  , 
‘

:; -;‘ i ., , :o . - i s  x x - ’ :, ;‘ .- : ; , ; . - x ”, ; ’ ’ ,h :~‘ i I : ;  - x:’ - : ’ i” :- ’: ,t ’ wh e t ’ , ’ to”  :, ‘; “ t ’ ’ ;  ox ‘ - . :

a u ’ ’  I i t  I ‘_ ‘ . i n tx :, . 1 1 
* 

i : ] : .:; x : , - “ ‘:o F- - , W h o ’ ’ ; ’  1:.; , -: ‘ t 1 : 0 ’ ’ , ; .  ,e-. ts U;; t’ ‘ t o _ u

- U  . xi n ’ I I ; ‘ ‘~~ ‘xe’ ‘ i ’ bo ~~~~ , tb  ;‘.- ‘ - ‘ t . .;’ , o ’ ’ w i t h :  t o :

o . ’ f S I 12 :1 ..; lo

st  ‘ - . 1 : ’; : ‘i: . ’’, ’ Is :::. ; :Sx . ’t .J_ N . ’ : b o ’ — .t  , .~~x , l ’ ,b , i ;”o h ,  U t o ’ .— ‘0

v.5’ ;; ‘ re .‘,o-:;,’ ; ’  S i t - , : , ;  ‘ n ’ , ; ’  .~c x ’ , - ‘ : 1 : , , :  n ; o . l  ‘ toe :;, ‘sJ’, ’ ’ ’ 0 ‘ - . I

‘; , “ i r - c ’ b :  t i x i ’ ,’ n o ’  xi- dels. ‘F :,bs h e m o ~ I ’  ‘er”; i .i :~ :1; ’ ’ . t  H:;:’ , : l v ’  H;~ ’ .:. ’

i : : v o l v i x i , ’ ce ;’t . ,, ix ;  x e - - u t  ~‘s , : f  :-‘r ‘ ‘ e -,;- - :x. r t , u ’ i ’ : . ’: . ‘I’ } ;e -  toO O i l ’,’ i ’
~ 

1

A so i l. ; l x  i s  :: , i i J  ‘0 : 1 ’- ’ ’ ’ P t ’  ‘ ‘ 0  ‘ \‘ i
t 

I t  c ’,’ 0 ’ . _, t  ‘ , ‘ t I : ,

col:nxi::s ~-f the x’ ,, 1 t ; x  mo’ - ’ l ix :. ,i. i’lv i t ; . i ’ ’ . , s ; i , I .  x~~t . I , . ‘ I ‘ , ‘ t . . U t i - - u;, m u t ‘ :‘o

1 1’ . ’ o ’,’,’ r ’ t t ; - . ’ r . ~i i i i  -to- ~~~~
- - -

~~ :n ~~te  t 1. 15, ; , T b , -. o s - ’, ‘. ‘, I 
* 
.

in I t”  1 1 -  1 5, : , ~ ,‘ i . t . ’ ’c ;; I t’ • I’.’ -t ’ us’- ;’, ’ t ‘ . 0  1 1 t ;~ o t t  0 , , ”’ 1;; ‘ I; ’ ’ ! - “

c’ . ’;: t . e n : ,  1 I t .~ 
. :5 1 f _ -s I .‘:. ,‘; . , t.~; i t o , 0 , oct . I ‘c: . 0 x . - ‘ . : -

l ’ s :  x ‘ us ,  i t  0 I t o  t b : - ‘ : 00’’,’ Sb 5;’ t I . ‘ ‘ 00 .1 1 ‘ : ~~~~~~ I ‘ ‘ I ,. _ x ’  I

is 1 1 it: . - i ;  ‘ ‘ t o ’  0’ -- ‘ ‘ I - :o , ’ . l : o - i ’ ’ ; ’ , ’ ’ . o  — , t  - ‘ ‘ ‘ i x ’ .. ’ - I ’  . . Ii ; : ‘  I .‘,~~ .

w~’ t i; : 1 ‘ b i t  we x i i  ; a i s S i . ; ; ’  ‘ ‘ ‘ v c , ; ’  t f ,  o -  5 1 .  1. ‘ Sd

If .

L~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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c~’nur . m c t i . o s ; -  be tween to.: ;~o’;f f i e l d  , ix ’o ’ ,l t b o t ’  I i : , i t . - fIe ld S ( , ‘ ) ,  I t i, :0 : 05’:,

t h a t  certain matrices which have been studii-’J earlS,’; ’- i t ,  t h e  o~~~. f lt c Xt  01

f ac to r ia l  desi gns; , i x ij ” ., ”u ’ coding t t ; , ’o’s ;” ,’ are useful ji;:o for I ictor ;:cr~s o x , i : , ,’

exper iments .  The next st e p  is to ccmn: ;ider the process of factor screening

s’, .i ven the  oh ’ser v , .it I o n : : f rom a S i Ft  .1 : : u1 2 ir  desi gn.  ( In  t h i s  ;‘aper t I e  w oo - S

“d” si gn ” w i l l  ste in mere ly  a set of t ; - c- i t s se t : t  combinat ions  from a

f , .i c t a ri - -i1. We shall ‘i iw av ,’; ,l :; ,’sume we h ive m octor ; : , ea ch at  two level:; .

Final ly , mult is tage procedure.:: ~nd reduced-size desi gn :: ’ are coos ’ 125e-re i

An important feature  -of t he  a t -c - i , name ly , t i r e  si t ua t  1, - n w h , c r -~ oh ’ ;o c rv , i t  Hx ’ , ’ :

involve errors o± variation , is not considered in tIii:: - m ’
~ ’t’ .

(d) Comparison of V,io-iou;’ ‘ip t im o li t ’.’ s’t’ it er ’ i o w i t h ,  b e-spect t o  “ i l , ~~, , ’ ,- ,i

Optimal Factorial Design:.: cot t°:e 2 T’,-~’e.

This work has not yet been written up, b ut it t ’ o ; ’ nOd  the hasH. ot i

le .:tur ’e given I’v Srivastava at the In tern at ional  fv m n c , oio x : , u:, 5’ ; t I  I , :  ‘ .i x i d

it s  3 , : ’ s t i o . i t .i c -n s , held at the Indian :-t ,r ti . -;tical lxi ; t i l . : :Ut ’ , (‘ i j o O t ’, , , ,

i ’ecemher , 19714 , in honor of Professor No b -ci l omn o l i s .  In t h i s  pa~-e r’ , :-:,:

f r m ’:t - ni al  des i gn;; , w i t h  14 < m 8. For each value of xi , ~ oc b o o l o  t o p - .’ 1’

:‘r i o U  ,, : , ml  values ,‘m f’ the number  of runs N is con side red .  In vao’ i ou: ; I

-to U I ; , ’ t u t b o , m r , e i ther  alone or wi th  Chopra , trace optimal fac tor ia l  do ’s S- o ,

h ay . ’ t- ’:v-xi constructed.  In th i s  paper , we also consider o ç ’ t i m n l i t v  w i t h ,

re :;: , ’c ’ t , - t h ; e r  c r i t e r i a , and present  a comparison .

T,~ t ,,-  sm,o i x’o f ea tures  of t h i s work are very f ’n i e f i ’ ,’ J o ; : c t ’ I h . oe , .b by

iv . . ., t a ’.’ [ I I  ] , wh I u s : i  f ;  la rgely  review paper c o n t o  :;n,sd I;: a \‘os~~ux’

‘ - . 11’ - 1 b”~’ . K r i s h ; ; n . i i , i h , o ; x r t it i , ’d De v e l opm e n ts  in tat i ;to. ic: , to I’ .: I ‘at

i- v t h e  . -t i i ” x ’ s I C  h o ” : ; , ;
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( e )  Acp licat ic-n of Search l ine ar ’-  Models to  t h e  to i a g rro : ’i . s  o h ’  I° ;m t i e x n t : .

A l t b o o u g i ’; the t i t l e  boa: ;  been g iven in term: ; of diagnosis of ;,ati .~n t . : ,

t h e  s t a t i s t i ca l  problem i: ;  genera l and is app l icable  in various o t in e r

sit u a t i o n s . An i n v i t e d  lecture on th i s  top ic was re :;ented in the  annual

meeting to tb,e Classification Societ’,’ of America at Rochester is, I-hoc , l37H

* 
c::e coo-er I:a;: riot yet h ’, ’er:  w r i t t e n . I am waiting, I ,sr- a :0 i t  .1’ .!

t’:se .1 d,i t ,’m to’s illustr ate the theoretical ideas , and t ire 
~

‘ a;:.-r’ wif,l be

I tote:’, a;; soon 0;; such data becomes available . Of course , tire l:’rc~’er ’

ack r . aw l e d g o men t  to the present Air  Force oox ;ti ’ ,~ct w i l l  be ::,ade.

Tir e s t a t i s t i ca l  ‘, ‘roh’lem considered is as follows . I t  concerns the

o l c ’ ; : : i f i c , ’it io n  of an i nd i v i d u a l  in terms of ‘ inner condit ions , ’ when i n f n r ’ : : : at i . ’:,

“xi tb : ’it i nd iv idua l  is g iven on ‘external variables. ’ For example , i s .

7. 1 :.; of d i a g , n o ; :i s  of  r l i s e s : .:o from outward symptoms , the inner condit .ic;.

;; ‘oH ,:orr e’:: ’ . .’sn ;S to the stages of disease complicated by one or more

i x ’ s ’ s : :  i i  I ’ m o t or: : , . . . , X .  The external variables would then c”s r ’re ss”snd

h-s ste,’m: :u r , ; s t en t :-. as. exter’s.  n I : ;vmpt cmo.  , such ; as blood count , :“u lsr r i t e

-‘cc. Now t :  crc ma’,’ I-c i n H i a l  da ta  a v a i lab le , as a result  of t r C v l s O ’ .

i i  Sod o’udv , or f-n ’o long , e-d experience . :‘Iu;’- pose dot i is j va .i l c t : lo . ’ 0

C 1::03 , tb ; e  l o t  ,.‘ t -s tat ion for the i th case b e ing  g iven  in  t e rms  of 1, a t . r  
~~~~~~

i : - t - ’r ’x ; i l  and ex terna l  va r i ab le s .  Values  of the in te rna l  variab le:; co-old

be ~~~~ , , ,X , and U I : . ’- i n f ’ ormat  ion on the e xt , ’r ’n :iJ v at-j . ih” lc : ’ :  m it’ be

e l ’ s - n  i; .t veo :tor ( v .
1 ‘c . ) .  t t sua l lv , because of i n s u f f i c i e n ~ ,h i t , i ,

‘ut- i’ .’ he “ b , a t , i l l  t b : , - d i f f e r e n t  50~~S it’l e comb-loot H’s.:’; of tb :”- Y’~ us m’ ,’

to - ‘ 1 .. ’ iv ml ,ili ’~ . Ix; ‘ -t b .  “r 0; .-;‘d;; , ‘; omo I x n : : e r  ,‘ot ; ,l i t 10 ’S: : :  u n i v  1- . ’ tut or- ’ ss”x ::

mu : -~~~ ° “;‘ -. v- S h o t  . ‘“-“:. it  I m u :  us : o: . ’ u ’ t , m j ; ;  i nner  soxo d i t I- , so m , ; v oot  I . ’ - iv  i l l  m O  1’

S i m i  U i;’S,’ , l ’, , . ’ ’ r ’ t , u l ; : . : , i s e ’ :  ;;or t u e ;‘f lb 5’ n- ‘m h ’serv ,mti ,;o :; x i i ’: n o t  I ’ .  . i ’,’’ iilal-l ’.

ib:e mo’ :  r ich; ‘a : . i’1”;’,~ I “s.” is b y  ‘ox, ~~i .l-- ;’ini ,’, a 1. i : : . ’ , u u -  m o - S i - I  w b : i c h  -x~ ;‘ - ‘
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~~
‘ ss ,.

‘5 5 u’ of e,;c}n v ,.‘boserv,mt ion I;: terms of U boo .’ cort ’e ’  :“o:;.J t~g

N ,‘ , . .. ‘‘, - v . r t  l ix ; ;- . ‘ii , .- tb ;,- o ’r’,’ of :- , “j r c b o  l in ear ’  models I: ; t h e n  u ;;ed to e ; :t l5 ;~ t”

tb :. v , i r ’ i , ’u; :  cc’eI f e c i eu r t s  ,mcou ; ’ ,n t . -l ’,’ . F ina l ly , a f te r  a good model be tween

th :~’ y ‘ s and X ’ s l-ec , smes )‘,::~‘o.’s. , u sing  tb oe  t o :eoorv of d i s c r iminau r t  I us, usc i

l u - ,c lu d  lo g tI ,~h o, , l  ‘~n o : I ’  i :~ A I - ’ t ix o c e , a tx , :- o, l o S  is pron ’osed for c l a s s i fy  l u g  ~ new

* * .
o h ’- :’ .,,’t”i ,it  son \‘,.sc tc r  

~~~~~~~~~~~ 

. . ,“ ) ,  0 ItS’s one of t o:. :  var ious  N vectors . In

the  talk given , t i , e X vector; : were res t r ic ted  to the  case where each

N . ,  = 1 or — 1 , recr’e;’:ex i t ing ,  t h e  :‘t ’esence or absence of some in ternal

:‘c’no d I t i o n .  This  made oss l b - i c  t he  apn ’li cat ion of the  present  work done

ox ; t h e  th :e o i -v  of F,ictorial desi gns to the pre;’~ent problem .

( f )  Appl ica t ion of Search: L i n ear  Models to Indus t r ia l  Psychology

I in tend  to write a paper cc; t b :i s  sub jec t  later on .  However , t b : is

idea developed during a v i s i t  to L a ck i , i n d  Air ’ Force Base u n  ‘S o x , i s .

Some of the scientists  there informed th e  author  about oer t , j i t ;  mode l s  t I m e - v

were try ing to develop to predict job d i f f i c u l ty .  The ;‘n ’edictor var iables

were eight variables denoted by X
i,

, . . .  ,X
8
, and tuncth ’x ’n , ’ o t  t h e se .

For ’ example , N1 indicated the :-number of tasks  performed , X~ the mean

d i f f i c u l ty  level of a task , from mine- level  rat ings , N 3 the  same as ‘n’ ,

except tha t  it is from seven-level ratings , N 14 
the task d i f f i c u l ty  5’01’

un i t  t ime spent from nine-level  ra t ings , X 5 the  same as X
14 

from seven-

level rat ings , X 6 the job d i f f i c u l ty  at the average grade level , X ,., the

t ime  spent on selected tasks , and N 8 
the range of task d i f f i c u l t y . Tire

t~u r r c t i o n ’ ;  of these considered were s imp le sums of pairs of a few of these

-or squares of some of them or products of some of them . In ill , the scient i : :t ; ;

had stud ied  114 f u n c t i o n s  wh ich  they denoted respect ively l’y Z1, . .  . ,Z
114

.

The f o l l o w i n g  quest ion arises.  Are there other important func t ions  {Z
~~

}?

18
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Co u l d  it be that there are functions {
~~~~ I }  ;-:b: lcl: ;‘~~‘O. d ~e- c ’,’e S- t.:.’ t.,~~:,

the  func t ions  that  they have t aken?  An obvious answer to th i s  is to ‘oae

the theory of search linear models .

19
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